T he conventional diagnostic approach for a suspected extremity fracture is usually a clinical and radiographic examination. The examination time is often long, and a large percentage of radiographs show no fracture and therefore could have been avoided. The use of ultrasonography as a diagnostic tool in cases of suspected fractures may have economic, prognostic, and clinical benefits, especially the reduced exposure to unnecessary radiation. A systematic review of 8 studies on the use of ultrasonography for the diagnosis of extremity fractures demonstrated a sensitivity of 85% to 100% and a specificity of 73% to 100% 1 . Few studies have investigated the interrater agreement associated with the use of ultrasonography for the assessment of patients with a suspected fracture. Barata et al. 2 reported a kappa value of 0.74, whereas Bolandparvaz et al. 3 reported kappa values of between 0.25 and 0.58, depending on the extremity examined. The aim of the present study was to investigate whether ultrasonography can be used as a diagnostic tool to exclude extremity fractures in adults as a way to improve clinical decision-making. We hypothesized that the use of ultrasonography as a diagnostic tool to exclude extremity fractures in adults would (1) detect the same proportion of fractures as conventional radiography and (2) have a minimum sensitivity of 90% and a minimum specificity of 85% when conventional radiography was used as the gold standard. (Table I ). All patients had been referred by their general practitioner to the Department of Radiology at Viborg Regional Hospital for the evaluation of a suspected extremity fracture, and all patients were included in the study on random days when at least 1 of 2 experienced ultrasound investigators (shoulder surgeon K.D. and shoulder physiotherapist H.Ø.) could perform the ultrasound examination. The inclusion criteria were a suspected closed fracture of an extremity, an age of ‡18 years, and referral to the department during the day. The exclusion criteria were an open fracture, an obvious fracture on inspection, and a fracture involving the femoral neck or trochanter.
Materials and Methods
When a patient fulfilling the inclusion criteria arrived at the Department of Radiology, 1 of the 2 ultrasound investigators was called. The patient was informed about the study and, after written consent had been obtained, was enrolled in the study. The patient pointed to the area with maximum pain. No additional clinical examination was performed. As a consequence of this procedure, we always included a scan of the nearby bones.
Ultrasound Examination
Ultrasound examination was performed by 1 of the ultrasound investigators prior to conventional radiographic examination. The ultrasound examinations were carried out in accordance with a standardized protocol that had been pilot tested by the 2 investigators prior to initiation of the present study. A Philips HDII ultrasound system and L 12-5 linear transducer were used for all examinations. One scanner was used exclusively during the study period to ensure that the scan parameters were unchanged. Only depth and focus were adjusted according to the scanned structure. The extremity with a suspected fracture was scanned in the longitudinal and transverse planes of the bone with the transducer moved 360°around the bone (or as far as possible). Two sets of images were saved, 1 with a marker of the fracture and 1 without (Figs. 1, 2, and 3). The date and time of all images were registered, and a scan sheet for each patient was completed and saved with the images for documentation purposes. The baseline data that were entered included the patient name, injury date, scan date, and anatomical location. In addition, continuity breaches of bone, modified configuration of the bone, that shown in the radiograph in Figure 5 . The arrowhead shows the fracture as a discontinuity in the highly intense white line. Figure 6 . The arrowhead shows the fracture as a discontinuity in the highly intense white line. Fig. 4 Radiograph showing a fracture in the ankle. 
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hematoma, and possible Doppler activity were recorded. The results were registered in an electronic database. After data collection was complete, all still ultrasound images for patients who were identified as having a fracture were verified by a radiologist specializing in musculoskeletal ultrasonography (L.B.H.).
Conventional Radiographic Examination
After ultrasound examination, a routine conventional radiographic examination was carried out on a Siemens Ysio system (Figs. 4, 5, and 6). The tentative diagnosis of the 
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JBJS Open Access d 2017:e0007. openaccess.jbjs.orgreferring doctor was registered. Images were assessed by an experienced radiologist, and conventional radiography was regarded as the gold standard. If a fracture was identified on radiographs, the patient was referred for relevant treatment at the hospital.
Statistical Analysis
To test our first hypothesis, data were analyzed with use of the McNemar test. Odds ratios (ORs) with corresponding 95% confidence intervals (CIs) were calculated along with an exact p value to test for systematic differences. To test our second hypothesis, the sensitivity and the specificity as well as the positive and negative predictive values were calculated.
Results

A
total of 91 patients (55% men; mean age, 43 years) were included in the study (Table I ). The prevalence of an extremity fracture was 27%. We tested for systematic differences between the results of ultrasound and conventional radiographic examination. There were 4 false-positive and 2 false-negative results (Table II) . There were no systematic differences between the results of ultrasound and those of conventional radiography (p = 0.69). The 6 conflicting results were equally distributed with regard to patient age and anatomical region (Table III) . A wide spectrum of bones were represented (Table IV) . There was no displacement (<1 mm) of the fracture in 16 patients and displacement ( ‡1 mm) in 9 patients.
We hypothesized that the use of ultrasonography as a diagnostic tool would have a minimum sensitivity of 90% and a minimum specificity of 85% when conventional radiography was the gold standard for identifying fractures. We found that ultrasonography had a sensitivity of 92% (95%; CI, 74% to 100%), a specificity of 94% (95% CI, 85% to 100%), a positive predictive value of 85% (95%, CI, 66% to 96%), a negative predictive value of 97% (95% CI, 89% to 100%), a positive likelihood ratio of 15.33, and a negative likelihood ratio of 0.085. Thus, the probability of having a fracture if the ultrasound examination was positive was 85% and the probability of not having a fracture if the ultrasound examination was negative was 97%.
Discussion
T he purpose of the present study was to investigate whether ultrasonography can be used as a diagnostic tool to exclude extremity fractures in adults. We found that ultrasonography, when performed and interpreted by experienced ultrasonographers, had high accuracy as a diagnostic modality for the evaluation of suspected extremity fractures. There were no systematic differences between the results of ultrasound and those of conventional radiography, and ultrasound had a high sensitivity and specificity. This finding indicates that ultrasonography can be used as a diagnostic tool to exclude extremity fractures in adults.
The design of the present study differs from those of previous investigations. Our patients were referred directly from their general practitioner to the Department of Radiology at Viborg Regional Hospital, and no clinical examination by the investigators was performed prior to ultrasound examination. Therefore, we performed a fair comparison between ultrasonography and conventional radiography without additional clinical information that might have helped the investigator to diagnose or rule out a fracture. All patients who were diagnosed with a fracture on the basis of conventional radiography were referred for additional treatment. In the present study, ultrasound was associated with 2 false-negative results (missing 1 minimally displaced fracture of the base of the fifth metacarpal and 1 fracture in which a small piece of bone had been stripped from the clavicle) and 4 false-positive results (incorrectly identifying fractures in 1 finger, 1 wrist, and 2 ankles). All of the false-positive results were caused by irregularities in the bones.
When an examination method is compared with a gold standard, the agreement or systematic differences between the results of the 2 methods can be investigated. In the present study, the McNemar test demonstrated no systematic differences between the results of the 2 modalities. To our knowledge, no other studies have used the McNemar test and therefore comparison of our results is not possible.
There seemed to be no association between the conflicting results and the age of the patient or the specific anatomical region of the fracture. We performed no statistical tests because there were only 6 conflicting results-too few to test statistically. Some studies have indicated that it is particularly difficult to identify a fracture in the hand and in the metatarsals [4] [5] [6] [7] , whereas other studies evaluating specific bones have shown good results [8] [9] [10] . Age did not seem to have an impact on whether a patient with a suspected fracture had a fracture or not 11 .
Only a few studies have examined the interrater agreement of ultrasound examinations to identify fractures. Barata et al. reported substantial agreement, with a kappa value of 0.74 2 . Bolandparvaz et al. reported much lower kappa values of between 0.25 and 0.58, depending on the scanned limb 3 ; however, their study population involved patients with multiple trauma and was not fully comparable with our study population.
We acknowledge that the present study had some limitations. The prevalence of fractures that were verified with radiography was fairly low (27%) and there were few cases of disagreement between the 2 modalities (6.6%). The present study included a small, but representative, sample of a selected group of patients who were seen during the daytime. A larger study population would have enabled us to examine whether the accuracy of ultrasonography depends on which extremity is examined. Moreover, if conventional radiography did not provide true results of the examination, then the present study might be biased. Theoretically, the 4 patients in
openaccess.jbjs.orgwhom a fracture was identified with ultrasound but not verified with conventional radiographs might actually have had a fracture, in which case the results of those examinations were misclassified and the discriminative ability of ultrasonography has been underestimated. Furthermore, the specificity of ultrasound may be overestimated because scaphoid fractures were included in the study and conventional radiography is not the gold standard for the diagnosis of scaphoid fractures. We did not follow up with the patients after the ultrasound and conventional radiographic examinations and thus do not know if any of the patients sought medical assistance after the initial referral to the hospital, nor do we have any cost data.
In conclusion, the present study indicates that ultrasonography, when performed and interpreted by experienced ultrasonographers, has high accuracy as a diagnostic modality for the evaluation of suspected extremity fractures. No systematic differences were found between the results of the 2 modalities, and ultrasonography showed a high sensitivity and specificity and most notably a high negative predictive value. 
